These issues are especially relevant for the treatment of gardens, vineyards, maize and sunflower crops, for which the Federal Aviation Administration (USA) approved small aviation means (Gillespie, 2015) , carrying rotary sprayers and rod sprayers with high location.
In order to achieve the given goals, it is advisable to consider the construction of a boom sprayer, small aircraft devices and flying drones. This could improve the efficiency of crop treatment by reduction of processing costs (higher operational speed, lower aerosol dispersion requirements, improving of equipment reliability) and enhance the quality of processing by increasing the penetration depth of the aerosol and reduction of the aerosol volatility.
There are multiple publications and patents related to usage of aviation equipment (Horodian, 2004; Perederii, 2013; Zhang et al., 2017) and drones (Xiongkui et al., 2017) for crop spraying. Considering the tasks given, implementation of these ideas is especially relevant for gardens, maize and sunflower fields. For the treatment of the mentioned crop fields, the width necessary to cover naturally exceeds the working width of a small aircraft or unmanned aerial vehicle (Siera et al., 2014) . Furthermore, this type of equipment does not ensure the appropriate penetration of nutrient solutions into the crown or along the stem.
Research objective is to observe the issues of usage of flying drones in agriculture and propose the methods for solving them. Research aim is to increase the efficiency of drone usage for technological processes including plant spraying.
To achieve this goal, it is necessary to solve the following tasks:
-to study the problems of drone usage in agriculture;
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-to develop the concept of a semi-autonomous drone for spraying; -to determine the technique for selection of technical means for vertical movement of the sprayer frame; -to define the tasks for control system. Nowadays, there are some technical and organizational solutions for the use of drones related to the tasks of observation in ecology (James et al., 2016; Beloev, 2016) and monitoring of microclimate parameters (Roldán et al., 2016) , assessment of crops (López-Granados et al., 2016; Ming et al., 2009 ) and ultra-small volume spraying (Xiongkui et al., 2017) . Methods for determining the control parameters for ensuring stable motion along a given trajectory are described quite well (Kanatnikov and Akopyan, 2015) .
On the basis of a review of theoretical information on the use of modern civil unmanned aerial vehicles (drone) (Hristov et al., 2016) , we have analysed drone usage in agriculture (Table 2) .
Considering the garden spraying, the main constraining factors are the indicators of cost and carrying capacity. We propose the solution for mentioned shortcomings by simplifying the technology of Copters -wire communication -and raising only the hydraulic armature (the tank with the working solution is transported separately and leading), which would reduce the number of degrees of freedom of the Copter (Fig. 1 ). This design would also minimize the impact of threats and reduce the costs for practical implementation. This approach is implementable in order to monitor the parameters in the greenhouse (Roldán, 2016) and it has proven its efficiency.
For theoretical substantiation of the technical solutions and determining the parameters of the sprayer frame (weight, geometry, length), propellers, engines and the control system, it is necessary to describe the basic physical processes and create the mathematical models to support the operation of multi-rotor autonomous drones. Advantages -environmentally friendly treatment -non-combustible fuel usage -adaptation to precision farming systems -collection of field state data -does not affect the ground -the all-day round work can be organized.
Disadvantages
-low load capacity -high costs for materials and equipment -high-speed engine, screws, sprayer frame made of light materials -high costs for software for control and positioning -capacity and weight of the batteries reduce the overall payload -ecological hazards for finely dispersed spraying -aerosol is blown away by wind opportunities -better use of equipment -it is possible to use in the side wind -modernization of software -adaptation to precision farming systems -multipurpose use -spraying, monitoring of plantations, protection threats -drone can be damaged by birds, tree branches and vandals -water and dust can damage electrical equipment of the drone -the flight course deviation due to gusts material and methods
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Then, the total mass of the retained apparatus can be determined from the following expression: (6) Taking into account the peculiarities of the design of multi-rotor aircraft, it is necessary to introduce an additional dimensionless coefficient 0 ≤ h ≤ 1 in the resulting Eq. 6, which characterizes the area of the frame parts that cover the area of the propeller grip. Obtained Eq. 6 allows substantiating the mode of propeller operation for a given design of the sprayer frame, hydraulic armature and a specified mass of engines for propeller rotation. Disadvantage of the method lies in a need for several iterations when changing the parameters of the frame, selecting hydraulic equipment and engines. These parameters affect the weight of the drone.
For instance, considering the construction of a frame constructed of the most common materials in Ukrainea metal profile UD75 × 40 (1.1 kg·m -1 ) -we shall assume that weight of 4 engines is 2 kg and hydraulic equipment weights 25 kg. Subsequently, with the length of the sprayer frame of 22 m, the device will be able to cover 4 rows of garden (46° 51' 51.00" N/35° 23' 2.00" E). Total weight of the sprayer bar is 100 kg. Propeller used in experiment is DLE110CC: r = 0.343 m, h = 0.04 m. According to the manufacturer's data, at n = 6,350 rpm = 665 s -1 , thrust will be 27.5 kg. With the obtained value of the sprayer bar mass, the airflow velocity at temperature 20 °С was determined by Eq. 6: By means of Eq. 1, the number of screw revolutions was determined:
Results provided by manufacturer differ by 9%, which can be explained by a higher total thrust of 4 screws (110 kg) in comparison to the calculated mass of the sprayer bar with a frame with M of 100 kg. It should be noted that at a temperature of T = 303 K, the necessary speed will increase by 1.5%, and an increase in atmospheric pressure by 5% will allow speed reduction by 2%. Obtained results of the screw rotational speed represent minimal values necessary for ensuring the separation of the sprayer rod from support surface.
As a result, a "tractor-drone" complex was obtained; with the "tractor" element being a master and the element "drone" Calculation of the drone elements is dependent on the flight mass (Arzamastsev and Kryuchkov, 2014) . In general, the sprayer will consist of a multi-rotor machine of mass M (kg) with the number of screws k, with the radius of each screw r (m) and step h (m). The speed of each propeller (motor) is n (s -1 ). Consequently, air flow velocity from the apparatus downwards will be as follows:
The mass of air flow directed down from several propellers will be:
where: r -air density, kg·m -3
Air density can be determined from the reference data or Mendeleev-Clapeyron formula that allows taking into account the environmental parameters: By substituting the Eq. 3 to Eq. 2, we obtain the equation for calculation of the mass of air directed by screws of the apparatus downwards (Arzamastsev and Kryuchkov, 2014) : (4) Applying the law of conservation of momentum in the scalar form F = m × v and taking into account the fact that M dn = m × t; and v = V dn , we get: fig. 1 Overview and technological elements of sprayer device results and discussion
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being a slave. It is assumed that the drone is connected to the tractor through a cable and a hydraulic armature for supplying spray solutions. For practical application, tasks of the control system should be:
-stable horizontal movement behind the tractor (tractor provides the supply of electric power and movement of the storage tank with a solution for plant treatment); -protection against the fall of the drone, engine failure, safety engineering; -stabilization of the horizontal motion under the disturbing influences (side wind, change of the drone mass due to spraying regime); -stabilization of the horizontal movement in the sprayer asymmetrical operation (spraying the extreme rows); -synchronization of the turns of the tractor-drone system. In order to ensure the controllability of the sprayer frame, it is necessary to describe the control system for this and consider the equations describing the drone operation that allow the compensation of the external environmental disturbances and the inertia of movement from the tractor. For this purpose, it is possible to use the results presented by Kanatnikov and Akopyan (2015) and Hristov et al. (2016) .
Conclusion
Innovative technology allows improvement of the useful weight of the drone, working time and processing efficiency by increasing the working width, processing speed and penetration of working solutions into the plants. This will reduce the costs for fuels and lubricants, improve the quality and speed of treatments and allow performing of treatments in windy weather. A semi-autonomous drone can be used for spraying of gardens, vineyards, maize and sunflower fields.
Proposed functional dependencies allow justification of the selection of technical means for vertical displacement of the sprayer frame. Environmental parameters should be taken into account, since at temperature fluctuation of 20 K, the required screw speed will increase by 1.5%, and at increase in atmospheric pressure by 5%, the required screw speed will decrease by 2%.
Results presented in this paper can be used for gardens lacking protective shelter in various climatic conditions.
